
J Food Sci Nutr
Vol 15, p 309～315 (2010)
DOI: 10.3746/jfn.2010.15.4.309

Development of Grilled-type Shrimp Flavor by Maillard
Reaction and Sensory Evaluation 

Myung-Chan Kim1, Jung-Hwan Oh1, Bong-Yeon Kim1, Sueng-Mock Cho2,
Da-Sun Lee3, Min-Hee Nam3, Seon-Bong Kim3, and Yang-Bong Lee3† 

1MS BIO Co., Ltd., Marine-Bio Center, Silla University, Busan 617-736, Korea 
2Korea Food Research Institute, Gyeonggi 463-746, Korea 

3Department of Food Science and Technology, Pukyong National University, Busan 608-737, Korea

Abstract
A grilled-type shrimp flavor was developed through the Maillard reaction to reduce or mask fish odor or off-fla-

vor in seafood. Model systems were created by using enzymatic hydrolysate of shrimp and adding precursors 
to increase flavor quality and stability. Amino acid precursors such as cysteine and methionine, sugar precursors 
such as glucose, xylose, ribose, and sucrose, and one particular compound of glucosamine were tried and their 
flavor qualities were tested by sensory evaluation. Also, the optimum reaction condition was investigated using 
the pH values of pH 5, 6, 7, and 8 with reaction times of 1 hr, 2 hr and 3 hr after the best precursors were 
determined. The best condition of the precursors for grilled-type shrimp flavor was the mixtures of methionine, 
threonine, xylose, and glucosamine. The optimum reaction condition was at pH 8.0 and 2 hr reaction time.
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INTRODUCTION

The consumption of shrimp and crab increases with 
economic growth. Shrimp and crab are known as high 
value seafood products, so their high quality is very im-
portant (1). While crustaceans such as crab and shrimp 
have a distinct taste and smell that are generally favor-
able for consumers (2), these flavors are reduced during 
storage and distribution. The fish smells and off-smells 
are increased as their freshness is decreased (3). A num-
ber of studies report on methods to inhibit these off- 
smells in the hopes of increasing the acceptance of sea-
food throughout processing, storage and distribution. Lee 
and Rhee (4) reported the effects of vinegar and ginger 
for reducing or masking fish smells, and Lee and Rhee 
(5), studied the effect of organic acids, such as acetic 
acid, for inhibiting the off-smell of salted clam pickle. 
Choi and Kang (6) developed the processing method for 
removing the fishy smell of sea eel. However, there are 
only a few studies on the masking effects of specific 
precursors in reaction flavor on fish smell. With this idea 
in mind, shrimp that have lots of protein, calcium and 
several vitamins were enzymatically hydrolyzed and the 
hydrolysate was used for reaction flavor with some 
precursors. The reaction flavor was expected to mask 
fishy odor and off-flavor, to improve natural shrimp fla-
vors and to increase consumer acceptance of shrimp 

flavor. Shrimp flavor types can be separated into boiled 
and grilled, depending on their preparation. The former 
has a strong burnt flavor and is usually used for ra-
men-based powder, seafood sauce, and surimi, as well 
as other items. The latter has a strong popcorn flavor 
and is mainly used for seasoning, snacks, and cookies. 
The differences in the volatile compounds of boiled-type 
and grilled-type shrimp flavors are known to be due to 
the different reaction pathways for each reaction process. 
Particularly, pyrazine compounds that are formed during 
the Maillard reaction are known to be important for burnt 
and popcorn flavor (7,8). The amount and kinds of pyr-
azines of the reaction flavor are reported to be different 
depending on precursors and reaction conditions (9). 
This study was performed to develop grilled-type shrimp 
flavor by determining the optimum precursors in the 
Maillard reaction, such as amino groups and sugar 
groups, and investigating the optimum reaction con-
ditions such as pH and reaction time.

MATERIALS AND METHODS

Materials
The shrimp used for this study was chosen as spotted 

shrimp (Trachysalambria curvirostris), harvested near 
Korean seas. The shrimps were purchased at a relatively 
low price from a local market. The length and weight 
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Table 1. Experimental design on adding precursors for grilled-type shrimp flavor

Ingredient (g) Addition of cysteine and methionine
  A   B   C    D   E   F

Cysteine·HCl
Methionine
Water
Shrimp hydrolysate
Glucose

 0.3
 －
50.0
 －
 0.3

 －
 0.3
50.0
 －
 0.3

 0.15
 0.15
50.0
 －
 0.3

 0.3
 －
 －
50.0
 0.3

 －
 0.3
 －
50.0
 0.3

 0.15
 0.15
 －
50.0
 0.3

Total 50.6 50.6 50.6 50.6 50.6 50.6

Ingredient (g) Addition of methionine and threonine
   A   B C D   E   F

Methionine
Threonine
Water
Shrimp hydrolysate
Glucose

 0.3
 －
50.0
 －
 0.3

 0.15
 0.15
50.0－
 0.3

－
0.3
50.0－
0.3

0.3－－
50.0
0.3

 0.15
 0.15
 －
50.0
 0.3

 －
 0.3
 －
50.0
 0.3

Total 50.6 50.6 50.6 50.6 50.6 50.6

Ingredient (g) Addition of reducing sugar 
  A   B   C    D   E    F   G   H

Methionine
Glucose
Xylose
Ribose
Sucrose
Water 
Shrimp hydrolysate

 0.3
 0.3
 －
 －
 －
50.0
 －

 0.3
 －
 0.3
 －
 －
50.0
 －

 0.3
 －
 －
 0.3
 －
50.0
 －

 0.3
 －
 －
 －
 0.3
50.0
 －

 0.3
 0.3
 －
 －
 －
 －
50.0

 0.3
 －
 0.3
 －
 －
 －
50.0

 0.3
 －
 －
 0.3
 －
 －
50.0

 0.3
 －
 －
 －
 0.3
 －
50.0

Total 50.6 50.6 50.6 50.6 50.6 50.6 50.6 50.6

of the shrimp samples were 5～6 cm and 3～4 g, re-
spectively. The fresh shrimps were freeze-dried prior to 
the experiment.

Enzymatic hydrolysis 
The enzymatic hydrolysate of the shrimp samples was 

prepared by the modified method of Oh (10). Six grams 
of spotted shrimp were chopped and 40 mL of distilled 
water added. The autolytic enzyme of shrimp solution 
was deactivated by heating at 85oC for 15 min. The pH 
was adjusted to 5.0, 6.0, 7.0 and 8.0 with 2 M HCl or 
NaOH. Forty microliters of the commercial protease 
Alcalase 2.4LFG (Novo, Denmark) kept at 5oC was add-
ed and the sample solution was hydrolyzed for 30 min. 
Then, the hydrolyzed shrimp solution was again deacti-
vated by heating it at 85oC for 15 min. The solution 
was centrifuged at 4,000 rpm for 40 min. The super-
natant was used for reaction flavor experiments.

Preparation of precursor mixtures
The mixing ratios of cysteine ․ HCl and methionine 

used for grilled-type reaction flavor are shown in Table 
1 and their effects for shrimp reaction flavor were com-
pared by sensory evaluation. For grilled-type shrimp fla-
vor, threonine was also investigated as an amino pre-
cursor (Table 1). For reducing sugars, glucose, xylose, 
ribose and sucrose were investigated. The best precursors 
of amino acid and sugar were chosen by their highest 

sensory score and the closest grilled shrimp flavors. 
Another precursor of glucosamine that has both amino 
group and aldehyde group in a molecule was investigated 
for grilled-type shrimp flavor. For each step of sensory 
evaluation, the best precursors of amino acid and sugar 
that had the highest total sensory score and the closest 
grilled shrimp flavor were chosen. The reaction con-
dition of model system for determining precursors was 
100oC, a 1:1 ratio of amino acid and sugar. The reaction 
time and pH for model systems were 2 hr and pH 7.0, 
respectively. The reaction solution was distilled water 
or enzymatic hydrolysate.

Processing condition
The processing conditions of the precursors de-

termined for grilled-type shrimp flavor from model sys-
tems were investigated. Results are shown in Table 2. 
The reaction pH values were 5.0, 6.0, 7.0, and 8.0. The 
best pH was chosen using the results of the sensory 
evaluation. At the determined pH, the reaction times 
were 1 hr, 2 hr, and 3 hr.

Sensory evaluation
Sensory evaluation was carried out to investigate the 

best reaction conditions to create a grilled-type shrimp 
flavor. The sensory panel was composed of 9 students 
from Pukyong National University. The sensory time 
was mainly carried out at about 4 pm in order to increase 
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Table 1. Continued

Ingredient (g) Addition of glucosamine and sucrose
 1   2   3   4   5   6

Methionine
Threonine
Sucrose
Glucosamine 
Water 
Shrimp hydrolysate

 0.15
 0.15
 0.3
 －
50.0
 －

 0.1
 0.1
 0.3
 0.1
50.0
 －

 －
 －
 0.3
 0.3
50.0
 －

 0.15
 0.15
 0.3
 －
 －
50.0

 0.1
 0.1
 0.3
 0.1
 －
50.0

 －
 －
 0.3
 0.3
 －
50.0

Total 50.6 50.6 50.6 50.6 50.6 50.6

Ingredient (g)
Addition of glucosamine and xylose 

  1   2   3   4   5   6
Methionine
Threonine
Xylose
Glucosamine 
Water 
Shrimp hydrolysate

 0.15
 0.15
 0.3
 －
50.0
 －

 0.1
 0.1
 0.3
 0.1
50.0
 －

 －
 －
 0.3
 0.3
50.0
 －

 0.15
 0.15
 0.3
 －
 －
50.0

 0.1
 0.1
 0.3
 0.1
 －
50.0

 －
 －
 0.3
 0.3
 －
50.0

Total 50.6 50.6 50.6 50.6 50.6 50.6

Table 2. Experimental design for the optimum reaction condition of grilled-type shrimp flavor

Ingredient (g) Reaction pH Reaction time (hr)
  5.0   6.0   7.0   8.0   1   2   3

Methionine 
Threonine
Xylose
Glucosamine
Shrimp hydrolysate

 0.1
 0.1
 0.3 
 0.1
50.0

 0.1
 0.1
 0.3
 0.1
50.0

 0.1
 0.1
 0.3
 0.1
50.0

 0.1
 0.1
 0.3
 0.1
50.0

 0.1
 0.1
 0.3
 0.1
50.0

 0.1
 0.1
 0.3
 0.1
50.0

 0.1
 0.1
 0.3
 0.1
50.0

Total 50.6 50.6 50.6 50.6 50.6 50.6 50.6

sensory sensitivity. Each sample was placed in a trans-
parent container (5.0 cm inside diameter×7.0 cm height). 
Each panel directly smelled the sample and then tested 
it again with smelling blotter. Its evaluation was 9 grade 
method: 1 point is very weak, 5 point is normal, 9 point 
is very strong. The statistical analysis of these data was 
analyzed using completely randomized design (11). 
Their multiple comparisons were carried out with 
Duncan method at the significance level of α=0.05 (12). 

RESULTS AND DISCUSSION

Sulfur-containing compounds are important for a par-
ticular seafood reaction flavor. For grilled-type shrimp 
flavor, cysteine, HCl and methionine of sulfur-contain-
ing amino acids were tried as an amino acid precursor 
(13). In order to increase the formation of pyrazine com-
pounds of roast aroma, threonine of amino alcohol was 
considered as a precursor for grilled-type shrimp flavors 
(14). For sugar precursors, glucose, xylose, ribose, and 
sucrose were tested and glucosamine was also included. 
Glucosamine is the main component of chitin, which is 
mainly found in crustacean shells (15). Glucosamine 
may possibly contribute to the formation of reaction fla-

vor from shrimp hydrolysate. Also, glucosamine is con-
sidered to be directly involved in the Maillard reaction 
as a precursor because it is aldose amine compound of 
Heynes, a compound which has both an amino group 
and aldehyde group in its molecular structure. The tem-
porary reaction condition was 2 hr at 100oC.

Determination of amino acid precursors
The quality of the reaction flavors upon the addition 

of cysteine ․ HCl and methionine into the model system 
and shrimp hydrolysate was tested by sensory eval-
uation. These results are shown in Table 3. The cysteine 
․ HCl precursor showed the very strong sulfuric pungent 
smell of 7.6 points in the sensory analysis, and the re-
action flavor of methionine precursor got a high score 
of 6.7 points in boiled potato smell. Cysteine ․ HCl, the 
sulfur-containing amino acid, is reported to produce mer-
capto compounds by Strecker degradation in Maillard 
reactions (16). These mercapto compounds have pungent 
aromas and are reported to be responsible in the for-
mation of meat flavor (16,17). Methionine produces me-
thional by Strecker degradation (16) and methional is 
known to produce boiled potato and vegetable flavors. 
(17).
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Table 3. Sensory results of grilled-type shrimp flavor on adding amino acid precursors

① Model systems of reaction flavor with the addition of cys-
teine·HCl or methionine

② Model systems of reaction flavor with the addition of threo-
nine

Category Model systems1)

Category Model systems1)

1 2 3 4 5 6 1 2 3 4 5 6
Total preference
Boiled potato
Boiled vegetable
Sulfuric pungent
Boiled shrimp
Grilled shrimp
Balance of flavor

1.9d2)

1.2b

1.0b

7.6a

1.1c

1.2c

2.0c

6.2ab

6.7a

3.7a

2.1d

3.4b

4.1b

5.6ab

3.1cd

2.4b

2.0ab

6.3ab

1.3c

1.2c

2.4c

4.7bc

2.3b

1.9ab

4.4bc

4.6b

5.2ab

4.9b

6.7a

3.0b

2.6a

2.1d

5.9a

7.2a

6.8a

5.8b

2.1b

1.8b

3.7c

5.8a

5.9a

5.8a

Total preference
Boiled potato
Boiled vegetable
Sulfuric pungent
Boiled shrimp
Grilled shrimp
Fishy smell
Balance of flavor

6.3a2)

6.4a

2.5a

1.4b

1.5b

2.6b

1.6b

5.6a

4.8ab

5.0a

2.4a

1.1b

1.0b

1.5bc

1.9b

4.6a

3.0c

1.6b

1.6a

1.3b

1.0b

1.0c

1.5b

2.3b

4.4b

2.4b

1.9a

2.4a

5.1a

6.6a

2.9ab

5.1a

5.9a

2.3b

1.9a

2.0ab

5.4a

6.9a

2.9ab

6.1a

5.1ab

2.1b

2.1a

2.4a

5.0a

6.6a

4.3a

5.1a
1)1: 0.3 g cysteine＋0.3 g glucose＋50 mL water, 2: 0.3 g 

methione＋0.3 g glucose＋50 mL water, 3: 0.15 g cysteine＋
0.15 g methionine＋0.3 g glucose＋50 mL water, 4: 0.3 g 
cysteine ＋0.3 g glucose＋50 mL enzymatic hydrolysate of 
shrimp, 5: 0.3 g methionine＋0.3 g glucose＋50 mL enzy-
matic hydrolysate of shrimp, 6: 0.15 g cysteine＋0.15 g me-
thionine＋0.3 g glucose ＋50 mL enzymatic hydrolysate of 
shrimp.

2)The different superscript letters within the same row for the 
average values mean significantly different at the p<0.05 lev-
el of significance as determined by Duncan's multiple range 
test.

1)1: 0.3 g methionine＋0.3 g glucose＋50 mL water, 2: 0.15 
g methionine＋0.15 g threonine＋50 mL water, 3: 0.3 g 
threonine＋50 mL water, 4: 0.3 g methionine＋0.3 g glucose＋50 mL enzymatic hydrolysate of shrimp, 5: 0.15 g methio-
nine＋0.15 g threonine＋50 mL enzymatic hydrolysate of 
shrimp, 6: 0.3 g threonine＋50 mL enzymatic hydrolysate 
of shrimp.

2)The different superscript letters within the same row for the 
average values mean significantly different at the p<0.05 lev-
el of significance as determined by Duncan's multiple range 
test.

The sensory scores for the quality of reaction flavors 
upon the addition of cysteine ․ HCl and methionine into 
enzymatic hydrolysate of spotted shrimp were 4.4 in sul-
furic pungent smell and 4.7 total preference. Sensory 
scores for reaction flavor of adding methionine were 3.0 
and 6.7 in boiled potato smell and total preference, 
respectively. In the case of adding the 1:1 ratio of cys-
teine ․ HCl and methionine, the sensory score of total 
preference was 5.8. Therefore, the reaction flavor of sea-
food type scored higher sensory points with the addition 
of methionine than those with the addition of cysteine 
․ HCl, which showed different results from the reaction 
flavor of meat type. Methionine is determined as an ami-
no acid precursor in grilled-type shrimp flavors.

Flavor quality of reaction flavors for grilled-type 
shrimp flavor upon the addition of methionine and threo-
nine into the model system and shrimp hydrolysate was 
evaluated and their sensory results are shown in Table 
3. Initially, grilled-type shrimp flavor is thought to have 
"baked nutty aroma", such as what is given by pyrazine 
compounds, more so than those of boiled-type shrimp 
flavor. In the total preference of sensory results, the re-
action flavors for shrimp hydrolysate systems of amino 
acid precursors had 4.4, 5.9 and 5.1 for methionine, 1:1 
of methionine and threonine, and threonine, respectively, 
showed a big difference from the model systems using 
distilled water. The boiled aroma of methional from me-
thionine, and the baked aroma of pyrazine from threo-
nine are thought to make grilled-type shrimp flavor bet-

ter, and the mixed precursor of the 1:1 ratio of methio-
nine and threonine did prove to have the highest score 
for the total preference. Therefore, methionine and threo-
nine are determined to be the most desirable amino acid 
precursors for grilled-type shrimp flavors.

Determination of sugar precursors
Flavor quality for grilled-type shrimp flavors upon the 

addition of glucose of hexose, xylose and ribose of pen-
tose, sucrose of disaccharide into the model system and 
shrimp hydrolysate was evaluated and their results are 
shown in Table 4. In the sensory results of the model 
systems, the reaction flavors of adding glucose, xylose, 
ribose and sucrose with the mixture of methionine and 
threonine had scores of 3.4, 3.9, 3.9 and 4.6 points for 
total preference, respectively. The quality of reaction fla-
vors upon the addition of sugars with the mixture of 
methionine and threonine into the enzymatic hydrolysate 
of spotted shrimp resulted in total preference sensory 
scores of 6.0, 7.6, 6.7 and 8.0 points for glucose, xylose, 
ribose and sucrose, respectively. As shown in Table 5, 
the sensory scores of the total preference for reaction 
flavor of glucosamine and xylose were higher than those 
of either glucosamine or sucrose, so xylose was de-
termined to be the most desirable sugar precursor for 
grilled-type shrimp flavor.

Application of glucosamine
Sensory results upon the addition all the precursors 

of methionine, threonine, xylose and glucosamine are 
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Table 4. Sensory results of grilled-type shrimp flavor with addition of reducing sugar precursors

Category Model systems1)

1 2 3 4 5 6 7 8
Total preference
Boiled potato
Boiled vegetable
Sulfuric pungent
Boiled shrimp
Grilled shrimp
Fishy smell
Balance of flavor

3.4d2)

3.7b

3.6a

2.9a

2.0c

1.7c

1.3c

3.9b

3.9d

3.9b

4.3a

3.1a

1.9c

1.7c

1.1c

4.4b

3.9d

4.7a

4.1a

2.7a

2.3c

2.3c

1.1c

4.3b

4.6cd

6.3a

5.0a

3.3a

2.7c

2.6c

1.6c

4.6b

6.0bc

3.0b

3.1a

2.3a

5.4b

5.9b

3.4a

6.3a

7.6ab

3.7b

3.7a

3.1a

5.9b

7.4a

2.0abc

7.6a

6.7ab

3.9b

3.6a

2.9a

5.7b

7.1ab

2.9ab

6.9a

8.0a

3.7b

3.3a

2.4a

7.3a

7.7a

2.1abc

7.6a

1)1: 0.15 g methionine＋0.15 g threonine＋0.3 g glucose＋50 mL water, 2: 0.15 g methionine＋0.15 g threonine＋0.3 g xylose ＋50 mL water, 3: 0.15 g methionine＋0.15 g threonine＋0.3 g ribose＋50 mL water, 4: 0.15 g methionine＋0.15 g threonine ＋0.3 g sucrose＋50 mL water, 5: 0.15 g methionine＋0.15 g threonine＋0.3 g glucose＋50 mL enzymatic hydrolysate of 
shrimp, 6: 0.15 g methionine＋0.15 g threonine＋0.3 g xylose＋50 mL enzymatic hydrolysate of shrimp, 7: 0.15 g methionine＋
0.15 g threonine＋0.3 g ribose＋50 mL enzymatic hydrolysate of shrimp, 8: 0.15 g methionine＋0.15 g threonine＋0.3 g 
sucrose＋50 mL enzymatic hydrolysate of shrimp.

2)The different superscript letters within the same row for the average values mean significantly different at the p<0.05 level 
of significance as determined by Duncan's multiple range test.

Table 5. Sensory results of grilled-type shrimp flavor with the addition of glucosamine precursor
① Model systems of reaction flavor on adding glucosamine 

and sucrose
② Model systems of reaction flavor with the addition of glu-

cosamine and xylose

Category Model systems1)

Category Model systems1)

1 2 3 4 5 6 1 2 3 4 5 6
Total preference
Boiled potato
Boiled vegetable
Sulfuric pungent
Boiled shrimp
Grilled shrimp
Fishy smell
Balance of flavor

3.8ab2)

5.1a

3.6a

2.1ab

2.0b

2.3b

2.4a

4.5ab

1.4c

1.3b

1.5b

1.1b

1.1b

1.1b

1.9a

1.8c

2.8bc

4.6a

3.5a

1.9ab

2.1b

2.3b

2.4a

3.5bc

5.2a

2.1b

2.0b

2.6a

5.7a

6.1a

3.4a

5.3ab

5.2a

1.9b

1.7b

2.3ab

4.3a

5.4a

2.8a

4.9ab

5.2a

1.7b

1.7b

2.6a

5.3a

6.6a

3.7a

5.4a

Total preference
Boiled potato
Boiled vegetable
Sulfuric pungent
Boiled shrimp
Grilled shrimp
Fishy smell
Balance of flavor

3.9c2)

5.1a

4.0a

2.4a

2.9b

2.8c

2.7a

4.1bc

3.3c

2.3b

2.4a

1.3a

2.6b

2.8c

2.1a

3.4c

4.4bc

4.2ab

3.9a

3.0a

2.7b

3.2bc

2.6a

3.8c

6.1ab

3.6ab

2.9a

2.3a

5.7a

5.4ab

2.6a

6.0a

6.3ab

2.9b

2.3a

2.1a

5.3a

6.1a

2.6a

5.7ab

7.1a

2.9b

2.1a

2.4a

5.9a

6.3a

2.4a

6.3a

1)1: 0.15 g methionine＋0.15 g threonine＋0.3 g sucrose＋50 
mL water, 2: 0.3 g glucosamine＋0.3 g sucrose＋50 mL wa-
ter, 3: 0.1 g methionine＋0.1 g threonine＋0.3 g sucrose＋0.1 
g glucosamine＋50 mL water, 4: 0.15 g methionine＋0.15 
g threonine＋0.3 g sucrose＋50 mL enzymatic hydrolysate 
of shrimp, 5: 0.3 g glucosamine＋0.3 g sucrose＋0.1 g glu-
cosamine＋50 mL enzymatic hydrolysate of shrimp, 6: 0.1 
g methionine＋0.1 g threonine＋0.1 g glucosamine＋0.3 g 
sucrose＋50 mL enzymatic hydrolysate of shrimp.

2)The different superscript letters within the same row for the 
average values mean significantly different at the p<0.05 lev-
el of significance as determined by Duncan's multiple range 
test.

1)1: 0.15 g methionine＋0.15 g threonine＋0.3 g xylose＋50 
mL water, 2: 0.3 g glucosamine＋0.3 g xylose＋50 mL wa-
ter, 3: 0.1 g methionine＋0.1 g threonine＋0.3 g xylose＋0.1 
g glucosamine＋50 mL water, 4: 0.15 g methionine＋0.15 
g threonine＋0.3 g xylose＋50 mL enzymatic hydrolysate of 
shrimp, 5: 0.3 g glucosamine＋0.3 g xylose＋0.1 g glucos-
amine＋50 mL enzymatic hydrolysate of shrimp, 6: 0.1 g 
methionine＋0.1 g threonine＋0.1 g glucosamine＋0.3 g xy-
lose＋50 mL enzymatic hydrolysate of shrimp.

2)The different superscript letters within the same row for the 
average values mean significantly different at the p<0.05 lev-
el of significance as determined by Duncan's multiple range 
test.

shown in Table 5. In the sensory results of reaction fla-
vors from shrimp hydrolysate, total preference had its 
highest score of 7.1 and the grilled shrimp smell was 
the strongest at 6.3 when methionine, threonine, glucos-
amine and xylose were added. Therefore, precursors for 
grilled-type shrimp flavors were determined to be me-
thionine, threonine, xylose and glucosamine. 

Determination of optimum processing conditions
The quality of reaction flavor primarily depends on 

the precursors and reaction conditions used. Important 
parameters such as reaction condition, reaction pH and 

time must be considered. Mottram and Whitfield (9) re-
ported that the pH of meat, like with the Maillard sys-
tem, is an important factor in the formation of sul-
fur-containing compounds and pyrazine compounds. In 
order to determine the optimum pH for boiled-type and 
grilled-type shrimp flavor, pH values of 5, 6, 7, and 8 
at the reaction conditions of 100oC and 2 hr were each 
investigated. At the determined pH, the optimum re-
action time was chosen by sensory evaluation on reaction 
flavors in the reaction time of 1, 2 and 3 hours.
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Table 6. Sensory results of grilled-type shrimp flavor on re-
action pH 

Category Reaction pH
pH 5 pH 6 pH 7 pH 8

Total preference
Boiled potato
Boiled vegetable
Sulfuric pungent
Boiled shrimp
Grilled shrimp
Fishy smell
Chemical flavor
Soy sauce flavor
Balance of flavor

2.4b1)

1.9a

1.3a

2.7a

2.4b

2.6c

2.9a

7.1a

5.8a

2.3b

3.2b

1.7a

1.3a

2.2a

3.7b

4.7b

2.8a

6.0a

5.0ab

2.9b

6.7a

2.1a

1.4a

1.4a

5.9a

6.9a

2.1a

2.6b

5.8a

6.9a

7.6a

1.9a

1.6a

1.4a

5.8a

7.6a

2.0a

2.2b

2.9b

7.2a

1)The different superscript letters within the same row for the 
average values mean significantly different at the p<0.05 lev-
el of significance as determined by Duncan's multiple range 
test.

Table 7. Sensory results of grilled-type shrimp flavor on re-
action time 

Category Reaction time (hr)
1 hr 2 hr 3 hr

Total preference
Boiled potato
Boiled vegetable
Sulfuric pungent
Grilled shrimp
Fishy smell
Chemical flavor
Soy sauce flavor
Balance of flavor

7.1a1)

2.3a

1.8a

2.4a

6.0ab

1.8a

2.4ab

3.8a

6.8ab

8.3a

1.5a

1.3a

3.0a

7.0a

1.4a

1.5b

4.5a

7.9a

5.6b

1.4a

1.3a

2.4a

4.8b

1.5a

3.9a

3.8a

5.5b

1)The different superscript letters within the same row for the 
average values mean significantly different at the p<0.05 lev-
el of significance as determined by Duncan's multiple range 
test.

Determination of reaction pH
The quality of reaction flavors that were made at sev-

eral reaction pH values was evaluated and the sensory 
results are shown in Table 6. In grilled-type shrimp fla-
vors, the sensory scores for total preference were 2.4, 
3.2, 6.7, and 7.6 at reaction pH 5, 6, 7, and 8, re-
spectively, showing the big difference between acidic pH 
values (pH 5 and 6) and neutral or alkali pH values (pH 
7 and 8). The chemical smell was increased as the re-
action pH was decreased. This big difference is possibly 
due to the different intermediates formed during pH 
changes, so reaction pH is important for Maillard re-
action and flavor formation. Mottram and Whitfield (9) 
reported that the types of volatile compounds formed 
depend on the reaction pH in meat like in the Maillard 
system, which showed that the reaction system in neutral 
pH produced more sulfur-containing compounds and 
pyrazine compounds than in acidic pH. Baltes (14) re-
ported that basic ammonia increased the formation of 
N-heterocyclic compounds such as pyrazines and 
pyridines. The reaction flavors of model systems at pH 
7.0 and pH 8.0 scored high for total preference. The 
model system at pH 8.0 showed a better quality of less 
off-flavor in soy sauce flavor. Therefore, the optimum 
reaction pH for grilled-type shrimp flavors was de-
termined to be 8.0.

Determination of reaction time
The quality of reaction flavors that were made at sev-

eral reaction times was evaluated and the sensory results 
are shown in Table 7. In grilled-type shrimp flavors, the 
sensory scores in total preference were 7.1, 8.3, and 5.6 
at reaction times of 1, 2 and 3 hr, respectively. Also, 
the scores on chemical flavor of reaction models for 1, 
2, and 3 hr reaction times were 2.4, 1.5, and 3.9, 
respectively. Therefore, a two hour reaction time was 

determined to be optimum.

CONCLUSION

Grilled-type shrimp flavor was prepared by adding the 
precursors of methionine, threonine, glucosamine, and 
xylose into shrimp hydrolysate and then allowing them 
to react at pH 8.0 and 100oC for a 2 hour reaction time, 
showing different precursors from those of boiled-type 
shrimp flavor. Further study on the differences of the 
volatile compounds from both boiled-type and gril-
led-type shrimp flavors is needed to investigate the gril-
led-type shrimp flavor, which can be used for shrimp 
snacks, natural seasoning, cookies and bread, and others. 
In addition, future studies on glucosamine for grilled- 
type shrimp flavor is also important in order to evaluate 
its reaction mechanism as a precursor.

ACKNOWLEDGEMENTS

This research was financially supported by the Min-
istry of Knowledge Economy (MKE) and Korea Institute 
for Advancement of Technology (KIAT) through the 
Research and Development for Regional Industry. 

REFERENCES

1. Kim SG. 2001. Chitosan oligosaccharide let you live a 
healthy life. Teail publishing, Seoul, Korea. p 26-35. 

2. Oh KS, Kang ST, Ho CT. 2001. Flavor constituents in 
enzyme hydrolysates from shore swimming crab and spot-
ted shrimp. J Korean Soc Food Sci Nutr 30: 787-795.

3. Kim SB. 1995. The theoretical of marine processing. 
Hwyngseol publishing, Seoul, Korea. p 208-219.

4. Lee YE, Rhee HS. 1982. Effect of organic acids on sup-
pression of fishy odor in salted clam pickle. Korean J 
Food Sci Technol 14: 6-10.

5. Lee SY, Rhee HS. 1979. A study on the suppressing ef-
fects of spicies for fishy odor. Korean J Food Sci Technol 
11: 126-130.



Development of Grilled-type Shrimp Flavor by Maillard Reaction and Sensory Evaluation 315

6. Choi BD, Kang SJ. 1997. Development of processing con-
ditions for flavor improvement of sea eel. J Ins Marine 
Industry 8: 71-80.

7. Indeung W. 1996. Artificial flavors. The Japanese Industrial 
Daily, Tokyo, Japan. p 929-930.

8. Choi SH. 1987. Cooked odor components of Sergia lucens 
and its fermented product. Korean J Food Sci Technol 
19: 157-163.

9. Mottram DS, Whitfield FB. 1994. Aroma volatiles from 
meat-like Maillard systems. In Thermally Generated Flavors 
(Maillard, Microwave & Extrusion Processes). Parliment 
TH, Morello MJ, McGorrin RJ, eds. ACS symposium ser-
ies 54. Washington, DC, USA. p 181-191.

10. Oh KS. 2000. Processing of intermediate flavoring sub-
stance from low-utilized long finned squid. J Korean Soc 
Food Sci Nutr 29: 663-668.

11. Kim KO, Lee YC. 1998. Sensory evaluation of food. 
Hakyeonsa, Seoul, Korea. p 192.

12. Seoung NG. 2003. Statistical analysis of data. Freedom 
Academy, Seoul, Korea. p 229-251. 

13. Kim H, Lee YM, Cha YJ. 2003. Volatile flavor com-

pounds in seafood-like flavoring sauce. Joint Meeting of 
the Korean Societies on Fisheries Science. Busan, Korea. 
p 87-88.

14. Baltes W. 1990. Roast aroma formation: The role of amino 
acids during the Maillard reaction. In The Maillard Reac-
tion in Food Processing, Human Nutrition and Physiology. 
Finot PA, Aeschbacher HU, Hurrell RF, Liardon R, eds. 
Birkhauser Verlag, Basel, Boston, Berlin. p 43-61.

15. Hwang YH, Jung DC. 1998. A study on the preparation 
of chitin/chitosan using Protunus trituberculatus shells 
such as Crustacea. J Korea Oil Chemists' Soc 15: 35-45. 

16. Tressl R, Helak N, Martin N, Kerten E. 1989. Formation 
of amino acid specific Maillard products and their con-
tribution to thermally generated aromas. In Thermal Gen-
eration of Aromas American Chemical Society. Parliment 
TH, McGorrin RJ, Ho CT, eds. American Chemical 
Society, Washington, DC, USA. p 156-171.

17. Ko SN, Yoon SH, Yoon SK, Kim WJ. 1997. Development 
of meat-like flavor by Maillard reaction of model system 
with amino acids and sugars. Korean J Food Sci Technol 
29: 827-838.

(Received October 25, 2010; Accepted December 15, 2010) 


